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SECTION 1
INTRODUCTION

In Qetaober 1991, the Analysis Section of the Tactical
Systens Develspment Branch (TSDB) at MCTSSA conducted a3 concept
tast to deternine if 3 proposed work station mix for an autse-
nated battaliaon level camBat cperations center (CUOC) uas
excessive (see "Batialion ComBat QOperations Center (COC) Test
Resort®, MCTSSA Document No. 22TJ01/U=TRP-01 dtd 8 Feb 1982).
During the conduct aof this test it was noted By test observers
that 3 significant number of the tast participants elected not
to uvse the map backqaround on the autamated qrashics display

‘terminals used for the test (the participants had the ability
tc sealect ar deselect the mse Backaround a3t will), A number of
-comments made By the particisants at the conclusian of the test
indicated that the rationsle far not using the map background
fell inte two gqeneral cateqories. Some of the participants
indicated that the rap backqround simely was not noc-siors faor
the functions they were performing. Qther participsnts indi-
cated that the map background was not used bDecause its pres-

ence, taqether wuiih 3ll of the acverlay symbaolaoqy, caused »
elutier prablem.

This unexpected bBut interesting finding suqgested that 3
follow=on test, designed to investigate the functiannl utility

af the mas backgraund, should be conducted. If it could de
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deternined. that the map Background does not significantly

Cqm

increase the effectiveness of Lthe display then it miqht suqggest
that less sophisticated, less expensive, lighter weight equip~-

ment could be pravided faor the avtomatad COC at the battalicon

level.

The primary a3im of the Graphics Display Test, then, was to !

deternine whether or nct there is a statistically siqnificant

.
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difference betusen the functional utility of a3 graphics display

with 3 map background and a3 qrashics display without a mae ‘1
4

backaround. As a3 related aquestion, the Graphics Display Test ]
slse investigated the effect of display size as it relatas ta ﬁ;
' R

the functional utility of a3 graphics display. i
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SECTION 2
DESCRIPTION

2.1 REFERENCE. For 3 more detailed discussion of test desian,
test procedures and dats analysis methedoloqy, see "“Graphics
Display Test Plan” (MCTSSA Document No. 22T001/U~-TP-01 did

1 Feb 1982).

2.2 PURPOSE. The #urpcso of the Graphics Display Test was o
assess the effects of the presence/absence of 3 map backaround
and of display size as they relate to the functional utility of
tite graphics display for the battalion level Tactical Combat
Operations (TCQ) support;d Combat OQperations Center (COC).

2.3 PROCEDURES

Four display tQpcs (designatad tuype A, B, C and 0) were
tested. Tupe A was a3 larqe display (approximately 10-3/4" by
10-3/4") with a map backaround. Type B uwas 3 larqe display
without a3 map backaround. Types C and D were small displays
(approximately 4=1/2" by 4=1/2") with and without 3 map back-
ground respectively. Each display type was utilized for tuelve
test iterations sao that each level of the twe factaors (map

background and size) were testad tuenty=four times.

Test participants consistad of twenty Marine Corps and
four U. S. Army officers halding primary ground combat MOSs

and/or current or recent tactical experience By virture aof

3
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formal schogling or billet assigneent., Each participant went

throuqh two test iterations utilizing twe of the four display

types.

Each test iteration was conducted aqainst ocne of two sce-
naric variations (3 different scenaric was required for each
iteration that a3 particular particiéant performed). Both sce-
nariocs involved a reinforced infantary battalion conducting
independent operations within an assiqgned tactical area of

responsibility (TAQOR).

2.4 OBJECTIVES

Two cbjectives were established for the test: evaluation

of the effesctiveness aof the four display types in providing

assistance %o the commander and assessrent of the user compat-

ibility ot tho‘variaustdisplass.

Effectiveness evaluations invelve measurements of abserv~
able shencerena and praduce numerical results which are directly

obtainable., Tuo effectiveness indicators were messured during

the Graphics Display Test:

- Cumulative time required to obtain six pieces of

tactical information

Total score received on the answers tg six tactical

questions as 3 function of the graphics display
utilized
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Compatibility assessments involve elicitation of tast
participant appraisals/oainia?s and do not always vield quan-—
titative results. In thase cases where duantitative results \
are obtained, it is usua}ls through indirect means. Tuwo com—
patiBility indicators were used duri5§ the Grashics Display

Test?
- Participants’ ordinal judqements of the displavus

- Subjective comments/opinions expressed by the

the participants

2.3 GENERALIZED TEST FACILITY. The capabilities af the
gresohics display equipment utilized by an autonated batialiaon
COC were simnulated by MCTSSA’s Generalized Test Facility (GTF).
Althouent the GTF qrashics terminals da not shysically resenble
the harduare envisioned far MTACCS, theyw can be configured/
controlled ta clasely sinulate key charactesristics of this
hasrduare. Faor this test, 3 high resclution diqitalized map was
vtilized ta simulate the presence af a3 saper na3p inserted
Behind & transparent graphics displagy. Additional graphics
cspabilities of the GTF equipment was utilized to produce
monachronatic red averlays consisting of stamdard military
sunbclaqy for units and contrcl messures. The sumbolceqy for
ssplicable units was made to move across the display in nest

resl~time (simulation of PLRS) in accordance with the scensris

R
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being uti}izod. The size of the display was contrclled through
use of masking averlads and the digitalized map was displaved

or supressed in accordance with the display type bDeing tasted.
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SECTION 3
RESULTS

3.1 GENERAL

This section describes the results used to satisfty the
abjectives stated in Section 2. The data, together with sum—-
mary statistics and interpretations as ta the statistical sig-

nificance of the data, are presentad.

In order %0 f;eilitato the presentation, the following
definitions and conventions are appropriate. Analysis aof var-
iance (ANQUA) is 3 common statistical tochﬁiquo which tests the
hypothesis that there is no statistical difference betueen the
mesn value af data drawn from tuwo or more populations. The
ANGUA procedure results in a3 statistic called the F-statistic.
Carresponding to the F-statistic is 3 P-value (or significance
level) which is an expression of the probability that, if the
hypothesis is rejected, You are rejecting the iruo case.
Rejectiaon of 3 true hupothesis is called “type I error”. It is
important to reslize that the probability of tupe I error is a
conditional probability, i.e., it only has meaning if the
hypothesis is rejected. It is naot correct ta say that, if the
hypothesis is not rejected, 4You have 3 praobability of one minus
the P-value of Being correct.

e
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For the purposes of this discussion, a diffaerence between
the measures of perfarmance faor the four displag types will be
considered statistically significant only if the probability of
type I error is equal ta'or less than cne-=tenth. In other
words, the hypothesis will be rejectad only if there is nc more

than a3 ten percent chance of being wrong in deing so.

3.2 EFFECTIVENESS RESULTS

Twe measures of performance (MOP) were utilized o eval-
uate the effectiveness of the displaus in providing asssistance
ta the caommander. The first measure (MOP 13) was the total
ancunt of time (in seconds) required to obtain six pieces of
‘tactical infcrnceian fromn the display. The second measure (MOP
1b) was the tgotal score achieved on the answers given tag six
tactical questions as 3 function of the display beinq utilized.

The results of these messures are contained in Tables 3~1 and

3=2 respectively.

Far Both measures of performance, three hNypotheses were
established. The three huypotheses uwere; that no statistically
significant difference existed betuween 3 large and a3 small
display size, that nc statistically significant difference
existed between 3 display with and a3 display without 3 map
biekqorund. and finally, that there was na significant inter-

action effect bLeatueen displsy size and the presence or

PRIy WA G S
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.arqe Display L.arqe Display

TABLE 3-1

TOTAL TIME REQUIRED TQ
OBTAIN TACTICAL INFORMATION

(MOP 13

Small Display Small Display

with ‘without with i without
Map Backaernd Map BSackarnd Map Backgrnd Map Backgrnd
342 338 310 77
314 37a 293 478
188 487 233 4909
236 206 4464 Séé
a3 331 171 267
288 432 279 74
4938 494 318 440
388 . 234 222 382
422 sa1 346 376
k< 11~ § 643 708 610
434 401 257 2460
38¢ 404 sas 37
Averasqes:
349 428 3438 433
Averaqe witit Msp Backqround? 347

Averasqe without Mse Background: 433

Averasqe for Larqge Displavyl
Averaqe for Small Display?

Qverall

Averaqe!

389
3989
389

Note: Times asre to nesrest whole second

Std. Deviation: 134
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TABLE 3-2

TOTAL SCORE ON
TACTICAL GUESTIONS
(MQP 18)

Larqge Display Larqe Display Small Display
with without with
Map Backarnd Map Backarnd Ma3p Backgrnd

- B e b dees ) AR e T e Jne Saie tiven M

TSI T TN YT

Small Display
without
Map Backernd

28.7 49.2 44,0
36.4 47.7 3.1
37.3 26.7 47.08
31.4 22.93 39.46
435.4 33.8 38.3
4.3 32.3 42.3
33.8 38.4 335.0
32.9 42.2 49.3
48.3 37.3 39.4
47.8 36.7 SS.4
43.7 : 31.0 42.2
24.9 49,3 13.3
Averages:
7.3 37.2 41.6
Average with Map Backaround: 39.5%

Averaqe without Map Backareund: 37.9

Averaqe far Large Display? 37.3
Aversqe for Small Oisplay: 40.1
Overall Average! 38.7

Note: Ranqe of possible scores was & tg 40

i0

SN G S R S

31.3
45.46
36.9
435.7
36.0
45.4
34.8
33.2
7.6
38.9
446.3
31.1

38.46

Std. Deviation: 8.4
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or absence aof a3 map backarcund. Table 3-3 contains the ANOUA
Table for the first.noasurﬁ of performance and Table 3~4 is the

ANQUA Table for the second measure of performsnce.

8ased on the convention statad in pasrasgrash 3.1, only one
statistically siqnificant difference betueen display tupes was
indicatad. Specifically, » statistically siqnificant dif-
ference, as messured by the mean time required ta sbtain tac—
tical information (MOP 13), was found ta exist bDetueen the
display with and the display witheut a mss Background. The
presencs or-obsone. of the map background was not a3 siqnificant

factor when messured by total score received (MQP 1b). Display

. size was nat 3 significant facter when nessyred by either of

the MOPs and in both cases there was net 2 siqnificant inter-—
action effect.

3.3 COMPATIBILITY RESULTS

Tua ressures of user compatibility were utilized. The
first measure (MOP22) uwas the ordinsl Jjudgements of the par-
ticipants as to their assessment of the compstibility of the
four diselaus. The secand meassure (MOP 2B) uas the subjective

comments/cpinions exsressed by the participants.

- 33
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TABLE 3-3
ANQUA TABLE FOR MOP 1ia

Source Deq. of Freedam Sum aof Sqrs Mean Square

& P=Yslue

Size 1 15.0 15.0
Map L 34008.5 84008.5
Interaction 1 222.5 222.5
Residusl 44 763644.0 173%8.5

001 9?7
4.84 «03
.013 ?1

TABLE 3-4
ANQUA TABLE FOR MGQP 1ib
Source Deg. of Frqoden Sun of Sars Mean Square F P=Yalue
Size b 8 97 .8 97 .8 1.37S8 23
Map b & 29.9 29.9 414 32
Iﬂmnttﬂﬂ p 4 25.7 23.7 + 336 11
Residusl 44 31469.7 72.0
12
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The firs?, messure «as auantified by constructing an

interval scale from the ardinal judgements (see "Graphics Dis-

play Test Plan" for details). The ordinal judgements are sum—

marized in Table 3-% and resulted in the follouwing interval

séalo:

o 8 c A

The two obvious qroupings are display tyres A and C at the
high end of the scale and display types B8 and D at the lawer
end of the scale. This result indicates that the participants

felt that the displaus with a3 map Bbackground were more compat-—

ible than the displays without a3 msp bDackground and that within

each of these groupings, the larqe display was preferable to
the small display. An additional observation is that the
interval betueen C and B i; grester than either of the intra—
Qroup intervals. This is additionsl evidence that the partic-
ipants considered the mep backaround ta be the dominant factor

in determining the user compatibility of the display.

The Kendall coefficient aof concordance was utilized ¢to

test the huypothesis that the participants were inconsistant in

establishing their ordinsl rankings. The results were that

this hupothesis can be rejectad with near certainty (P-value
less thsn .0861).

13
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TABLE 3-S5
PARTICIPANTS’ OROINAL JUDGEMENTS

This tadle reflects the number of participants who ranked

display "i" abave display "j"

i = A B c D

J
] ' ! 1 []

A ' ' r3 P2 !
] ] ! [ ]
] ! ! ] )

8 'y 22 ' t 20 18 !
1 ] ! ] []
! ] ] ! [}

c ' 21 - | ' - !
' ' ' ' '
] ! ! ] ]

D ! 22 ! 18 ! 21 ! !
[} ] ! [] !

Note: HWhen crass diaqonal eslerments do nat sum to 24, either

8 tie ar a3 failure to draw a compariscon is indicated

14
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The second measure of user compatibility was quantifiad
only ta the extent that percentaqes of participants expressing
8 common osinion were identified. The follawing parsqrashs are
s summary of the participants’ written comments. They are
presanted in descending order of the frequency with which the

conment was made.

The most frequent comment made was an expression of a
strong preference for » display with 3 mas background.
Appraxinately sixty percent of the participants expressed this

gpinion. Of those whc gave 3 rationale for this oeinion, the

' mast frequent was the difficulty of correlating information

betusen the display (without & map bDackqround]) and the paser

nay .

Appraximately tuenty=five percent of the psriticipants
expressed the cpinion that the “idesl" display would qive the
user the ability to call up or eliminate the mnap backaround at
will.

Approximately twenty percent of the participants cbjected
ta the monochromstic red averlays. The mast frequent rationale
given uwas the tendency for the red overlay information to blend
into the nep colors. One participent felt that the red sum—
boloay would present » serious problem in & red light environ-

nent during night operstions.

1S




A strong preference for the large display size was

expressed by sixteen percent of the participants.

Approxinately eight percent of the participants expressed
3 stronq preference for 3 display without 3 map background.
The raticnale was that 3 map backiround is not usually neces-
sary for fire support coerdination relatad functions and that
when detailed terrain study is necessary, it is easier to per-

form using a paper map.

One participant (approximately faur percent) expressed the

cpinion that 3 display that could present only a3 fTew map high-

lights, i.e., kay terrain, roads, etc., would make it unneces-

sary to have 3 detailed map backaround. The rsticnale was that
3 Taw map higqhlights wauld make the correlation of infarmation
betueen the displays and an accompanying paper map much sasier

to accomplish.

16
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SECTION 4
DISCUSSION

4.1 EFFECTIVENESS EVALUATIONS

The analysis for Objective | uncovered 3 statistically
significant difference in the smount of time required to
extract tactical information from 2 display with 3 mae back-
qround as compared to 3 disp;lag without 3 map backqround.

This was true irrespective aof the size of the display.

It is iévortant %2 understand that the term "statistically
significant difference” neans that there is sircnq statistical
evidence that the measured difference in the mesn time tao
extract information is 3 true difference as cpposed ts 3 random
accurence. That the difference is statistically significant
doces nat necessarily mnean that the difference is cperationaslly
significant. Additional analysis mav a3id the resder in making

8 deternination as te the operstional siqnificance of the

results.

The difference in the messured measn time required to
extract informstion from the map backaround display as compared

tc the no map Backaround display was eighty=four seconds or 3
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tuenty percent decresse in time. A two sided, ninety percent
confidence limit for the difference betueen the twse mean %imes

is?

Probability ( 19 sec < True Difference < 149 sec ) = .9

This resresents 3 range of reduction in time of betueen
faur percent and thirty=five percent when compared to the mean
tire for 3 NO map Backaround display. vStatcd ancther way, the
proBability that the presance af the map backqround results in
3 time reduction of betueen four and thirty~rive percent is

nine~tenths. The maximum likelinocod estimate for the time

reduction is twents percent.

The datas analysis for Objective 1 faﬁnd no gther statis-
tically siqnificant diffearences betueen display types. That is
to say, the statistical evidence is that all other ocbserved
differences uere randam ccourences and do not reflect any true
difference. The implication is that, while the test partici-
pants were 3b0le to uwark faster with the display tuypes that
included 3 »3p background, they were not able ts werk any more

accurately with cne display as compared to another.,

4.2 COMPATIBILITY ASSESSMENTS

A high deqree of consistency existed betuween the twe

measures 77 performance utilized for an assessment of the user
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compatibility of the displads. Batnh the ordinal judqements and
the written comments of the participant indicate the bDelief
that the presence of 3 map bDackqround on the graphics display

enhances the user compatibility of the display.

4.3 LIMITED SCOPE QF TEST

This test uwas coﬁdﬁcted as 3 follow-on test to the
Battalion Combat Operations Canter (COC) Test and was desiqned
10 address the specific issue stated in paragrash 2.2 of this
repart. Within the limited scope of this test, the resulis

indicated soéc advantaqes of a qrasphics display that hass the

. capability af including 3 map backqround. Issues such as cost,

syster development time, system mobility at the battalion level

and many others were not considered.
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